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Abstract. In the present study we analyzed and followed-up on the DNA damaging effects of microwave
radiation  of  GEM  radar  equipment  within  microwave  field  of  10  µW/cm2 to 10 mW/cm2 in personnel
occupationally exposed to frequency range of 1.5 GHz to 10.9 GHz. The single cell gel electrophoresis
(SCGE)/comet assay as a tool for the biomonitoring of individuals accidentally, environmentally or
occupationally exposed to physical or chemical agents was used to evaluate possible genotoxic effect on
peripheral human blood lymphocytes. The comet assay is a method that allows efficient determination of single-
strand breaks (SSB) and double-strand breaks (DSB), as well as alkali-labile sites in the DNA of single cells.
The comet assay was carried out under alkaline conditions. We measured the baseline comet assay effect in
whole blood samples. Parameter of the comet assay was studied in workers occupationally exposed to
microwave radiation of GEM radar and in corresponding unexposed control subjects. It was found that in the
subjects who were occupationally exposed to microwave radiation, the levels of DNA damage increased
compare to control group and showed interindividual variations. As a measure of DNA damage tail length was
used, calculated from the centre of the head and presented in micrometers (μm). Mean value of exposed group
was 13.54±1.44 as opposed to control mean value that was 13.15±1.39. Differences between mean tail lengths
were statistically significant (P<0.05, ANOVA). The results of this study indicate that individuals occupationally
exposed to microwave frequency of GEM radar equipment may experience an increased genotoxic risk,
emphasizing the importance of individual biomonitoring, limiting exposure and radiation safety programs.
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1. Introduction

During  last  few  decades  of  health-related  electromagnetic  fields  (EMF)  research  a  large  number  of
studies has been accumulated in this area. [1-2] The nature of basic interactions depending on the field
frequency between electromagnetic fields and cells, tissues and organisms is now well understood.
Nevertheless, there is still an open controversy in science and in the public on the health impact of
high voltage power lines, cordless phones, mobile phones and their base stations, wireless local area
networks and Bluetooth. In recent years, microwave (MW) radiation has attracted a great deal of
attention due to its increased usage in professional environment, witch lead to a large number of
publications regarding health hazards of microwave radiation. Number of studies constantly disagrees
and yield contradictory results about real effect of microwave radiation on human health and
especially on genetic material of the cell. Due to the growing application of cellular phones the
proportion of population exposed to this type of radiation is increasing and if we add up proportion of
occupationally exposed personnel to this number there is necessary need to study possible health risk
of this type of radiation. [3]
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Cytogenetic studies of microwave radiation were conducted in vitro as  well  as in vivo and yield
contradictory and often intriguing results. [4-7] Some of the published reports suggested that exposure
of human cells and animals to radiofrequency radiation do not result in increased cyto/genetic damage.
[8-12] In another hand there is a range of studies with positive results stating that radiofrequency
radiation can indeed induce genetic alternation after exposure to electric field. [13-17]

Due to ever increasing usage of microwave radiation over the past few decades and because the data
about microwaves often yield contradictory results, the aim of this study was assessment of DNA
damage induced by microwave radiation of GEM radar equipment within microwave field of 10
µW/cm2 to 10 mW/cm2 in personnel occupationally exposed to frequency range of 1.5 GHz to 10.9
GHz. For that purpose the single cell gel electrophoresis (SCGE)/comet assay as a tool for the
biomonitoring of individuals accidentally, environmentally or occupationally exposed to physical or
chemical agents was used to evaluate possible genotoxic effect on peripheral human blood
lymphocytes.

2. Materials and Methods

2.1 Subjects Characteristics

The study population of workers comprised of 14 blood donors (1 female and 13 male; average age,
43.5 years, age range, 35-57 years) and the same number of corresponding control subjects. The
present study was performed in accordance with high standards of ethics. Blood donors were informed
about the aim and the experimental details of the study. All of them gave their informed consent and
volunteered to donate blood for sampling. They were healthy at the moment of blood sampling and
interviews. Every volunteer completed a standardized questionnaire, designed to obtain relevant
details about the current health status, history and lifestyle. No subject reported medicinal treatment
over 6 months before blood sampling. None of them had a history of occupational exposure to known
genotoxic chemicals.

2.2 Blood Sampling

Peripheral blood samples, taken from a workers occupationally exposed to microwave radiation of
GEM radar were collected in heparinised tubes (BD vacutainer, Becton-Dickinson, NJ, USA) under
sterile conditions by venipuncture. After collection, all blood samples were randomly coded, cooled to
4 °C, transported to the laboratory and processed as quickly as possible.

2.3 The Alkaline Comet Assay

The comet assay was carried out under alkaline conditions, basically as described by Singh et al. [18]
Fully-frosted microscopic slides were prepared. Each slide was covered with 1% normal melting point
(NMP) agarose (Sigma). After solidification, the gel was scraped off the slide. The slides were then
coated with 0.6% NMP agarose. When this layer had solidified a second layer containing a whole
blood sample (4 μL) mixed with 0.5% low melting point  (LMP) agarose (Sigma) was placed on the
slides. After 10 min of solidification on ice, slides were covered with 0.5% LMP agarose. Afterwards
the slides were immersed for at least 1 h in ice-cold freshly prepared lysing solution (2.5 M NaCl, 100
mM Na2EDTA, 10 mM Tris/HCl, 1% Na-sarcosinate (Sigma), pH 10, with 1% Triton X-100 (Sigma)
and 10% dimethyl sulfoxide (Kemika) added fresh to lyse cells and allow DNA unfolding. The slides
were then randomly placed side by side in a  horizontal  gel-electrophoresis  tank.  The unit  was filled
with freshly prepared electrophoretic buffer (300 mM NaOH, 1 mM Na2EDTA,  pH  13.0)  and  the
slides  were  set  in  this  alkaline  buffer  for  20  min  to  allow DNA unwinding  and  expression  of  alkali
labile sites. Denaturation and electrophoresis were performed at 4°C under dim light. Electrophoresis
was carried out for the next 20 min at 25 V (300 mA). After electrophoresis the slides were washed
gently three times at 5-min intervals with a neutralization buffer (0.4 M Tris/HCl, pH 7.5) to remove
excess alkali and detergents. Each slide was stained with ethidium bromide (20 μg/mL) and covered
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with a coverslip. Slides were stored at 4°C in humidified sealed containers until analysis. To prevent
additional DNA damage, handling of blood samples and all steps included in the preparation of slides
for the comet analysis were conducted under yellow light or in the dark. Furthermore, to avoid
possible position effects during electrophoresis, each replicate was processed in a different
electrophoretic run.

Slides were examined at 250× magnification with a fluorescence microscope (Zeiss, Germany),
equipped with an excitation filter of 515-560 nm and barrier filter of 590 nm. A total of 100 comets
per culture were scored. Comets were randomly captured at a constant depth of gel, avoiding the edges
of the gel, occasional dead cells and superimposed comets. The microscope was connected to a black
and white camera with a computer-based image analysis system (Comet Assay II, Perceptive
Instruments Ltd., UK). This image analysis system acquires images, computes the integrated intensity
profiles  for  each  cell,  estimates  the  comet  cell  components,  and  then  evaluates  the  range  of  derived
parameters. As a measure of DNA damage in this study tail length was used. Tail length was
calculated from the centre of the head and presented in micrometers.

2.4 Statistical Analyses

Each experimental set contained duplicated slides .The various parameters (tail length, tail intensity
and tail moment) measured in the exposed and control groups were evaluated using Statistica 5.0
package  (StaSoft,  Tulsa,  USA).  Each  sample  was  characterized  for  the  extent  of  DNA  damage  by
considering the mean ± SD (standard deviation of the mean), median and range of the comet
parameters. In order to normalize distribution and to equalize the variances, a logarithmic
transformation of data was applied. Multiple comparisons between groups were done by means of
ANOVA on log-transformed data. Post-hoc analysis of differences was done by Scheffé test. The level
of statistical significance was set at P<0.05.

3. Results

Mean values for the tail length of the comet assay for exposed and control group are summarized in
the Table 1. Figure 1 is showing distribution of tail lengths measured in peripheral blood lymphocytes
of the group occupationally exposed to microwave radiation and the corresponding control group.

Mean values (± standard deviation of the mean) of comet lengths were 13.15±1.39 μm for the control
group and 13.54±1.44 μm for the group occupationally exposed to microwave radiation. Differences
between mean tail lengths were statistically significant (P<0.05, ANOVA). The range of tail lengths in
the exposed group was 10.90-21.79 μm and 9.62-17.95 μm in the corresponding control group.

In general, exposure to microwaves of GEM radar caused primary DNA damage, as opposed to
control group lymphocytes.

Table 1: Results for the mean values of tail length parameter of comet assay in peripheral blood
samples of workers occupationally exposed to microwave radiation of GEM radar and corresponding
control group.

Group Tail length/µm
Min Mean±SD Max Median

Exposed group 10.90 13.54±1.44* 21.79 13.50
Control group 9.26 13.15±1.39 17.95 13.09

  *statistically significant in compare to the corresponding control (P<0.05, ANOVA)
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Figure 1: Mean comet tail length in peripheral blood samples of workers occupationally exposed to
microwave radiation of GEM radar and corresponding control group.
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*statistically significant in compare to the corresponding control (P<0.05, ANOVA)

4. Discussion

In our study the comet assay was used as the sensitive method in detection of DNA damage after
exposure to radioactive source. Over the past decade comet assay has become one of the standard
methods for assessing genome damage with variety applications in genotoxicity testing as well as
fundamental research in DNA damage and repair. [19-20] The comet assay permits the detection of
primary DNA damage and the study of repair kinetics at the level of single cells. [21-22] There is a
variety of possible modifications of the assay, facilitating the detection of single-strand DNA breaks,
alkali-labile sites, double-strand DNA breaks, incomplete excision repair sites and interstrand
crosslinks. The comet assay can also be used to assess DNA fragmentation associated with cell death
or related to apoptosis. [23-24] Based on the results gained by using the alkaline comet assay it is to
presume that microwave radiation had impact in basal DNA damage in peripheral blood lymphocytes
of workers occupationally exposed to what was shown in significant DNA migration after microwave
exposure. Extent of DNA measured in micrometers in comet tail of the exposed group is pointing to
damaging effect of microwaves to the cells DNA structure.

There are number of studies confirming our results gained after measuring DNA alterations caused by
GEM radar exposure of professionally exposed workers. [25-28] In one of the previous work done by
Garaj-Vrhovac [25], the effects of radiofrequency electromagnetic radiation on the cell kinetics and
genome damages in peripheral blood lymphocytes were determined in lymphocytes of subjects
occupationally exposed to microwave radiation. Results showed an increase in frequency of
micronuclei as well as disturbances in the distribution of cells over the first, second and third mitotic
division in exposed subjects compared to controls.

Another study done on workers exposed to microwave radiation showed that microwaves possess
some mutagenic characteristics typical of chemical mutagens. In that study the micronucleus assay
with a new mathematical approach to separate clastogenic from aneugenic activity was used. The
comparisons of frequencies of size distribution of micronuclei in the lymphocytes of humans exposed
to microwaves were preferentially clastogens. [26] In addition, Lalić et al. [27] in their study reported
a higher frequency of chromatid breaks and acentric and dicentric fragments in peripheral blood
lymphocytes of individuals working at radio-relay stations (presumed to be exposed to high levels of
RFE) than in controls. In another study, Estecio and Silva [28] reported significantly higher
frequencies of anomalous metaphases in blood lymphocytes from persons presumably exposed to
radio-frequency energy (RFE) from video display monitors.

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B7GVY-4PCR1X3-1&_user=4770034&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000050661&_version=1&_urlVersion=0&_userid=4770034&md5=bfdaa7e46dffed3b4538338793ac73b8#bib146#bib146
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5. Conclusion

Number of evidence supports the concept that DNA is the crucial target of most carcinogens and those
mutations in tumor suppressor genes and oncogenes may lead to cancers. As a result, individuals with
increased DNA damage and defective DNA repair are at a higher risk for development of cancer. [29-
30] In this context, the application of this assay could also bee extended to the possible diagnostic use
in cancer prediction [31-32] especially for those who are occupationally exposed to microwave
radiation.
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